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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1113

COLLECTION AND AMALYSIS OF HINGE-~MOMENT DATA
ON CONTROL-SURFACE TABS
By Paul E. Purser and Charles B, Cook

SUMMARY

Various wind-tunnel data on the hinge~moment charac-
teristics of control-surface tabs have been collecled and
analyzed. The data, all of which are for plaln unbalanced
tabs, were obtained from force tests of models in two~
and three-~dimensional flow and from prsssure~distribution
measuremsnts on models in two~dimensional flow., Some data
that show the effects of Mash number on tab hinge moments
for representative conventional and NACA 6-series airfoil
sections are presented.

The analysis indicated that nresent methods ol estl-
mating the ssctlon values of the slcpe of the curves »of
control-surface hinge moment plotted against angls of
attack chfa end against control-surface deflection tha

£
over small ranges of angle of attack and deflectlon could
be extended to chord ratios small enough to include the
slope of thse curve of tab hinge moment plotted against
angle of attack Chy, ¢ Sufficient data were not avallable

to extend the analysis to include the slope of the curvs
of tab hinge moment against tab deflectlon Chta sy but
t

guch an extenslon should e possible wron more tadb data
are avallable., The wvalues of fthe slopes of the curve cf
tab hirge moment plot*ocd sgainst sontrol-surface deflec~
tion chtgn were found to depend uron the ratic of tab

£ - '
chord to ccntrol~surfacs chord cg/cp, upon the ratio of
control~surface chord to airfoll chord cp/c, wupon ths

control-surface trailling-ecdge angle @, and upon the
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condition of the gaps at the tab and control-surface hinge
lines. An analysis of approximate aspect-ratio correc-
tions (derived from 1lifting-line theory) for correcting
the section values of Chig e to finite-span values indi-

cated that the correction depenied upon cr/c and cg/ce
as well as upon aspect ratio.

The data avallable were not sufficient to allow accu-
rate determinations of all the various factors affecting
the differences between section and finite-span values of
the tab hinge-moment parameters; thus the desirability of
obtaining more tab hinge-moment data on finite-span models
at larger values of Mach number and of obtaining more
complete aspect-ratio corrections to tab hinge-moment
characteristics is indicated.

INTRODICTION

In an efifort to provide satisfactory methods for
predicting control-surface characteristics, the NaCa has
undertaken a program of summarizing, analvzing, and corre-
lating the results of various experimental investigations
of airplane control surfaces. This program has provided
collections of aileron and tail-surface test data (refer-
ences 1 and 2), analyses and correlations of the hinge- -
moment characteristics of contrel surfaces with Internal
balances, plain-overhang and Frise balances, beveled
trailing edepes, shielded and unshieldsd horn balances and
tabs (references 3 to 8), snd an analysis of the 1life
effectiveness of control surfaces (reference 9}.

48 airplane sizes and speeds inecrease and &s more
reliance is placed upon tabs (particularly spring-linked
tabs) to provide the final adjustwent of control forces,
the hingze moment of the tab about its own hi-gze sxis
becomes inoreasingly important. (Sec reler<¢nces 10 and 11.)
The present report therefore presenfis an anaiysis and
correletion of the available data on tab hinge-moment
characteristics.,
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COEFFICIENTS AND SYMBOLS

¢y airfecil section 1lift coefficient (1/qc)
»/@hf flap szection hinge-moment cosfficient (hf/QCf2>
v Che flap hinge-moment coefficient (Hf/dbefZ)
”cht tab section hinge-moment coefficient (ht/qcta)
< COny teb hinge-moment coefficient (Hy/qbyT4?)

Pp resulbant pressure cogffioient (Eé—é;5%>

where

A airfoll section 1ift

he flap section hinge moment

He flap hinge moment

hy tab section hinge moment

Hy tab hinge moment

q free-stream dynamic pressure

¢ airfoil section chord
Jéf flap section chord behind hinge line

G root-mean-square flap chord behind hinge line
V/zi tab section chord behind hinge line

Cg root-mean-square tab chord behind hinge line

be flap span

by teb span
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Py static pressure on upper surface of airfoil
Py, static pressure on lower surface of airfoil
cp! root-mean-square chord of portion of flap spanaed
by tab
Uy angle of attacx for infinite asvect ratio, degrees
a angle of attack, degrees
Op deflection of flap with respect to ailrfoil, degrees
8¢ ceflection of tab wilth respect to flap, degreea
a1 tralling-~edge anzsle, anple included between upper
and lower surifsaces at alrfoil trailling edge,
degrees
VA aspect ratio (b2/s) »
VE Jones' edge-veloclty factor (reference 12)
Tip chord
A taper ratlo (’ 2
\ Root chord
/
k section tab hinge-moment conatant
K finite-span tab hinge-noment constant
x chordwise location of pressure vent measvred from

girfoil nose

T turbulence factor for tunnel
R Reynolds number
14 Mach nunber
b wing span
vy spanwise location of tab measured from wing root
to 1lnboard end of tab .
Yo spanwise location of tab measured from wing root

to outboard end of ta&b “
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Derivatives:

The subscripts outside of the parentheses denote the
factors held constant when the derivative was taken.

éch

- L

chfcc <ba°>6f 5
_(¥Cn

Ahgg = da

Or,0¢

Ch

dcn,
Sor d6f
v = | —
htﬁf 66f>0, .

Pedy © 084
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7oa
— ol
o8¢

cy,0¢
Jag
aat - -:----
\Oét ¢y )85
AChnars lifting-surface theory correction to Chta
or Chfc.
Subscripts

(ﬁ = 0) value of the paramster at zero tralling-edge
angle

The terms "flap" ani'control surface" are used syn-

onvinously as a genersl expression for any movable control
surface such as a rudder, elevator, or alleron.

DATA AND SCOPE

The data upon which the analysis 1s based werse
obtained from references 7 and 12 to 23, as well as from
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unpublished results of tests made at the Langley and

Ames laboratories. The test conditions covered were for
models in two- and three-~dimensional flow for a range of
angles of attack and flap or tab deflection of about 1};0
or 50, The geometry and cther pertinent data for the
various models are summarized in tables I, II, and III.
The ranges of the various geometric parameters covered by
the models are ljsted in the following table:

See ] Airfoil
Type test i pie| £ M |(deg) [087¢ |06/Cr thickness
Section 9.5 [0.1010.10 0.09¢c
pressure I womm jm=mw | 5O to to to
distribution 30.5 [0.50 {1.00 0.1lé6c
. 7. 10.18 {0.20 0.09¢
?gggéon IT e jmmme | £O te | to- |. . ©oO
25.0 {0.40|0.75 0.18¢
- 2.01141.0011.5 [0.17 {0.20- | 0.08c.
23 -
%é?t:e Span | g7 to to to to."| to ~to ..
6,86 {0.39 {16.7 {0.4170.L1 | 0.18¢

METHODS OF ANALYSIS

General Apprqach”

Derivation of ch and Chia, o=~ In'order'to detefQ
tg t5¢

mine some logical approagch to the problem of correlafing
tab hinge-moment charscteristics, a study was made of a.
previously derived analysis of Chfd and chf&f (refer-
ence 2}, It was found possible to extepd the analysis

of reference 2l to chord ratios small enough to include
tab hinge-moment characteristics (Ohtq and- chtat)'

The results of the analysis of reference 2l (which super-
sedes that of reference 5) indicated that chord ratio cr/c

(or ct/c) and trailingjedge angle 7 were the primary
geometric parameters affecting chfa (or Chta) and Chfgp

(or chtbt)° The results can be expressed by the following

formulas:
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dchm
Che = Chf “‘“g
ta 9(g=0) ag
or
dchta
chy,. = Ch + z (1)
and
dchfﬁf ;
Chy = Chy t ————
tor T THef gy T of
or
dchtﬁt

c = ¢ T e 2
ht@t htat(g=0) o g (2)

Derivation of Chtgp The analysis of cns began

or
with a study of values of Chige derived from the experi-

mental data of references 13 to 16 (corrected for tunnel-
wall effect) and similar date derived from Glauertt!s thin
alrfoil theory (reference 25) as extended by Perring
(reference 26). The derivations were made by personnel
of the Langley Stability Tunnel Section for use in pre-
paring reference 27. The study indicated that a series
of straight lines would result if chtaf were plotted

. Cg - - R
against EE with Chtaf = chfaf &t EE = 1.0 as.the
end point. Such plots permitted derivation of the formula

_ . 3
Chtge = Chfgp t K < " 3r (3)

where %k was a constant for a given value of ecf/c and
was about 10 percent lower for the experimental NaCA 0009
airfoil data than for the thin-airfoil-theory dats.
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Specific Approach

Pressure-distribution data.- The pressure-distribution
data of references 13 to 10 and unpublished data taken at
the Leangley ILaboratory were plotted in terms of the pres-
sure slopes Pg, Pge, and Ppy against pressure vent

locations x/c. The plots of Py were integrated about
various chordéwise axes to give values of chy 4 (or chta)
and plots of Pg were integrated about the flap (or tab)
hinge axes to give values of chf@f (or Chtﬁt) for

various values of Of/c (or ct/c). The values of chfa

(or Chtq) and  Chfg., (or Cht&t} were then plotted

against trailing-edge angle ¢ for the glven values
of c¢f/c (or ct/c) and the resulting curves extra-

polated to ¢ = 0 +to obtain che or ch
; A sen ot R
an Chf or Cht . e 8.10pes O ne curves
5(g=0) ( 5(g=0))

3 s de
dohfa OCnta hfﬁf
were also measured to obtalhn —ee—— P e} and ———
AChgy, ag ag ag

01 i |,

Integration of plots of Psp about axes other than
the flap hinge axis provided values of Chtgp for various

values of c¢t/ce Ffor each value of cp/c for which data
were avallable. The resulting values of Chtaf were

plotted against ct/cr and values of k were obtained
from the slopss of these curves,

Section force-test data.- The values of Chrgys Chige
Chfaf, Ghtﬁt’ and Chigyp obtained from references 19

to 23 and some unpubllshed data from the Langley Laboratory
were used in the same way as the hinge-moment slopes
derived from the pressure-distribution data, Individual
values of k derived from the force~test dsta were more
subject to error than those derived from pressure-
distribution data because with force-test data there wers
only two test points through which to draw the line the
slope of which defines k; whereas with thé pressure-
distribution data, as many as ten test points were some-
times available.
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Finite~span data,- The finite-span data from refer-
ence 7 end some unpubllished data were used to provide
measured values of -Chta and Chtét with which tc com-

pare calculuted values. The calculated values of Chi,
and Chtﬁt were obtained from the follewing emnirically

Zerived equationsse

cc
bty 4

ag A+ 2 g

Cht, = — ch

+ AC]_ +

= 1l - =
Obtgy = Chtag gy T *Ot(geo) “PPa(geo) ( LE + 2/

dchtﬁt

- A /
' af A+ 2 4 (5)

where values of AchtaLS can be obtained from refer-

ence 27; Qﬁt(gzo) can be obtained from reference G, and

the other factors can be obtained from the present report.

The finite-span data were also used to obtain values
of Chfﬁf and Cht5f from which tc dsrive v&lues of X

for use in the formulsa
Shyge = Chegp + X (1 - Tu/3r) (6)

Tt should be noted that models 1%, 1L, and 16 of
table TITI had balanced flaps. TFor these mcdels Chféf

was computed by subtracting from the test data an incre-
ment in Chfﬁf caused by the balance &s computed by use
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of reference L for models 1% and 1L and from measured
balance-chamber pressures for model 16.

So few finite-span data were available that, in an
attempt to extend the usefulness of the data, aspect-ratio
corrections were derived by means of lifting-line theory
to permit conversion of the section k to finite-span K.
The formula for the conversion was

K=k +——— do¢ (Chtg - Chfa> - (7)

which indicates that K varies with aspect ratio and tab
chord; whereas k varied with flap. cherd and trailing-
edge angle. This effect of tab chord means that the
curves of Chtéf plotted against cy/cp are not straight

lines as, were the curves of cht5 against Ct/Cf and
i

that K rather than being the slope of the curve (as
was k) 1is the slope of a straight line drawn from Chféf

¢
at E% = 1.0 and intersecting the curve at the value

of c¢t/cr under consideration.

RESULTS AND DISCUSSION

Correlation of Section Data

Values of Chgg and Chtat'“ The results of the

correlations of chgg (or Chfa> and  Chygy (or Chf6f>
are presented in figure 1 as plots of chy, O)’ dch+a/ﬂ¢,

Chig,, , 8nd  dChgg, /cﬁ against chord ratio og/c.
=0

The datsa %rom which figure 1 was derived were obtained
under a variety of conditions; but In all cases the tab

and flap gaps were sealed and in most cases the combina-
tion of Reynolds number, surface condition, and stream
turbulence was such that boundary-laysr transition was
quite probably located at or ahead of 0.%30c, The resulting
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scatter of data was such that, in reference 2L, the mean
curves from which figure 1 was derived were witain Z0.C01
of the expserimental values of chp, and Chifge 1N most

cases. Although few data were available for the chord
ratios usual for tabs the data in figure 1 should allow
gimilarly accurate estimations of Catg- Lor chtﬁt’

however, sufficlent data were nos2t available for such an
extension,but 1t is believed that the method of refer-
ence 2L may be used ss a guicde for additional analysis
a8 more tab data become availabls.

Values of Chtgp -~ Values of Xk reguired in com-

puting Chtbf from equation (3) are preseated in figure 2

as plots of k against cpf/c for various trailing-edge
angles and flap and teb-gan ccnditions., These duta show
a considerable amount of .scatter; consequently, values

of k for given values of c¢f/c &nd condltions of gajs
were plotted against trailing-edge angle . From these
cross plots were obtalned values of dk/dﬂﬂ of 0.00008
for sealed gaps and 0.0C022 for open zaps. These values
of dx/dF were used to reduce the k-values of figure 2
to zero trailing-edge angle and the resulting cata are
plotted in figure 3. The data indlcate that as the gaps
at the flap or tab hinges are opened and as the trailing-
edge angle is reduced, the values of k Dbecome snuller,
which indicates that the values of Chtﬁr and chysp wMOTE

nearly approach equality. The same trends are illustrated
in figure L. which presents plots of Chtgp sgainst cg/cp
for sealed tabs on open and sealed plain 0.30c flaps.

The plots of figure I. also indicate that & straight line
(constant value of k) repregsents the data fairly well
for values of ct/ef as low as 0.20 with gan sealed even
when the flap is equlpped with a pronounced bevel. This
result is typical of the plots derived {from pressure-
distribution data.

Correlation of Finite-Span Data

Values of Cht, &and Chtgy e~ The comparisons of
measured values of Chta and Chtﬁt with values computed

from equations (L) and (5) are shown in figure 5. The
.availlable data indlcate generally satisfactory agreement
between measured and computed values of Chto. For Chtﬁt’ -
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however, no lifting-surface theory corrections are
avallable at present and consequently the computed values
are considerably more negative than the measured values
an¢ also show more scatter than do the values of Cutgy.

Values of Chtaf'_ Values of K (equation(é))ﬁeasured

from the finite-span data are plotted against Efyc in
figure 6. Strictly speaking, the faired line should not
aopear on Pfigure 6 since all the test vcints are not for
the same aspect-ratio. The line is shown nowever to
indicate more clearly the ranges of X and ¢r!'/c for
which test data exist. 8&ince values of K commuted from
section data by lifting-1line theory (equation (7)) show a
disagreement with the measured values (fig. 7(a)) there
is evidently an additional lifting-surface-~theory correc-
tion, the value of which is as yet unknown. In the
absence of exact values for such corrections the differ-
ences between the computed and méasured values of X were
plotted against aspect-ratio, and an empirical correction
of AK = 0.0025 (A - L.5) was derived. This AK should
be added to the value of K computed by lifting-line
theory (equation (7)). The resulting squation 1is

A
AE + 2

+ m G’@f (Chtq - Chf(l) + 0.0025 (A - L}..IS) (8)

=~
i
-

Y

Values of K computed from equation (8) are plotted
against measured values of X in figure 7(b). In this
case the agreement is improved and it 1s thus believed
that equation (8) presents a correction for K that is
acceptable until more complete lifting-surface-theory
computations are made or until more finite-span tab data
become avallable for use in deriving a better empirical
correction,

Effects of Mach Number

Lt present very few data sre available to show the
effects of Mach number and Reynolds number on tab hinge~
moment characteristics. Some information, however, has
been obtained from pressure-distribution data presented
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""'"i'

in reference 17. Increments in chg, caused by an

increase in Mach number from 0.197 to 0.472 for plain
sealed tabs on 0.20c open-gap balanced flaps on

NACA 66(215)-216 and NACA 23012 airfoils are sinown in
figure €. These data indicate slightly more negative
increments in cht, &s the tab chord is reduced and
considerably more negative increments as the trailling-
eage angle is reduced for this particular case where there
were open gaps through the airfoils some distance ahead
of the tab hinge lines. '

Values of the tab section hinge-moment constant k
derived from the pressure-distribution data of refer-
ence 17 are presented in figure 9. Thsese data indicate
a decrease in k 4as the Mach number is increased with
the grestest decreass in k occurring for tke sezled
internal-balance flap on the NAGCA 66(215)-216 airfoil.

CONCLUDING REMARKS

The analysis of available tab hinge-moment duta
obtained in two- and three-dimensional force tests and
in two-dimensional pressure~distribution teats indicated
that present methods of estimating the rate of change of
flap section hinge-moment coefficient with angle of attack
and with flap deflection could be extended, over amall
ranges of angle of attack and flap deflection, to chord
ratics small enough to include the rate of change of tab
section hinge-moment coefficlient with angle of attack.
Indications are that the method can be extended to include
the rate of change of tab section hinge-moment coefficient
with tab deflection when more tab data are avallable. The
enalysis indicated that available lifting-surfsce theory
corrections for the rate of changs of tab hinge-moment
coefficient with angle of attack will allow reasonable
accuracy in converting section data to finlte-span data.
With regard to the rates of change of tab hinge-m-ment
coerficient with tab deflectlon and with flap deflection,
however, either lifting-surface computations sheould be
made or more data should be obtained in order that cor-
rections (either theoretical or empirical) may be derived
for these derivatives., Some data are avallsble and have
been presented concerning Mach number effects on tab hinge
moments but they are so limited as to be practically use-
lsss for design purposes; consequently, it appears quite
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desiratle to obtain mcre tab hinge-moment data at large
velues of Mach number.

Langley Memorial Aeronautical Lahoratory
National Advisory Committee for Aeronautics
Langley Field, Va. :

Y
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TABLE I.- INFORMATION RECGARDING PRESSURE-DISTRIBUTION-TEST
MODELS IN TWO-DIMENSIONAL FLOW

" Alrfoll g Tab Flap Alr-flow Publlshed
Model}symbol -Plan form section | (deg)] ©°t/° gap eg/e gap characteristics |reference
NAGA R = 1.77 x 106
1 o) 0008 11.6 {0 to 0.50 | 0 0.10 to 0.50] © ¥ = 0.09 13 to 16
T=1.95
@/ ! R =62'B x 126
NACA 0 and to 6.7 x 10
2 66(215)-216] 95 |0 to 0.20 | O 0.20 0.0055¢|M = 0.20 to 0.47 7
P S — F—-31.00
R = 2.8 x 126
3 |0 Jack, |55 jowo20 o 0.20  Jo.0055¢|f°_ 657 % 10 ozl V7
i T—31.00
L NAGA 0 to 0.225} 0 0.225 |0.00500| " 6'00,‘121;06
_ 11.0 |0 to 0. . .0050¢] M = 0. S
(P . 6-series . T—>1.,00
25.4 R = 2.76 x 106
NACA 0 and
5 and |0 to 0.30 | 0 0.30 M =0.10
AN B R B 0009 505 0.0050¢| ¥.Z9-33 18

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE EI.- INFORKATION REGARDIKG PORCE-TEST KJDulS IN
Zd=DIMERSTONAL FLOA

NACA TN No. 1113

o Adrfoll - Tab ALr-£1 Publsahed
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‘Pllir_x flap vulue estimated from balunced-{lap testa.
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2plain-flap value estimated from bvalunced-flup tests.
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Pigure 1.~ Effect of tab or flap chord on the hinge-moment parameters derived
dimensional pressurs-distribution and force-test data.
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(2) Angle-of-attack slopes.
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(b) Tab or flap-deflection slopes.

Figure 1.~ Ooncluded.
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Figure 2.~ Variation of tab section hinge-moment constant k with flap chord ratio e 4
for various combinatlions of flap and tab gap. °

tables I and II.

Symbols refer to modele listed in
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Figure 3.- Variation of tab section hinge-moment constant at 0° trailing-edge angle
k(g=0) With flap-chord ratio 15 for various combinations of flap and tab gap.
Symbols refer to models listed in tables I and II.
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Figure 4.- Effect of trailing-edge angle # on the variation of Chtg ¢ with 53;-

for plain sealed- and open-gap 0.30¢ flaps on an NACA 0009 airfoll section.
Symbols refer to models lieted in table I.
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Figure 5.- Comparison of measured and computed values of Ch¢, and °htst~
Symbols refer to models in table III.
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Figure 6.- Measured values of finite-apan tab hinge-moment constant K plétted agalnat
Col
flap-chord ratie —i-:—- for illustrative purposes only. Symbols refer to models in

table III.
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(a) Lifting-line theory (equation (7)), (b) Lifting-line theory plus empirical

correction (equation (8)).

Figure 7.~ Comparison of measured and computed values of the finite-span tab hinge-moment
congtant K. B8ymbols refer to models in table III.
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Figure 8.- Effect of tab-chord ratio on the increment in op,,  resulting from an

increase in Mach number for plaln sealed tabs on 0.20c open-gap balanced flapes on
NACA 23012 and NAGCA 66(215)-2%6 airfolls. Derived from pressure-distribution data

of reference 1l7.

R, 2.8 x 10

for M = 0.197; R, 6.7 x 10° for M = O.472.
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Figure 9.~ Variation of section tad hinge-moment constant k with Mach number and

Reynolds number for 0.200 flaps on NACA 66(215)-216 and NACA 23012 airfoil sections.
Symbols refer to models listed in table I.
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